The pathology of mitral incompetence has been extensively studied during surgery (1) (2) (3) (4) and at autopsy (5, 6) . The incompetence may be caused by an organic valve lesion of several varieties, by dilatation of the mitral annulus, or by both. Annular dilatation leads to a relative deficiency of valve substance, producing incompetence which cani be termed functional, to distinguish it from that caused by organic lesions. Often these two exist together, but annular dilatation is found alone in up to a quarter of patients undergoing corrective surgery (2) . In these patients the primary disease appears to be myocardial rather than valvular (7) . The regurgitant flow in mitral incompetence varies with the height of the arterial pressure, as shown directly in experimental animals (8, 9) and indirectly by auscultation (10) (11) (12) and hemodynamic changes (13. 14) in man. The lesion that has been studied in animals was in each case an acute one, produced by inserting a rigid hollow tube to act as a regurgitant pathway from ventricle to atrium. The quantitative data obtained are therefore of limited application to man, where the lesion is chronic and wolhere a rigid nondistensible orifice is probably not a good analogy for the valve lesion in many patients, especially not in those with annular dilatation and functional incompetence. The present study was undertaken because no quantitative information was available in man on the relationship between arterial pressure and * Submitted for publication March 9, 1964 ; accepted July 9, 1964 .
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Presented in part to the Annual Meeting of the Cardiac Society of Australia and New Zealand, Sydney, June regurgitant flow, and we hoped that in individual patients measurement of this relationship might identify to some extent the nature of the underlying lesion.
We have shown previously that mitral regurgitant flow can be measured satisfactorily in man by the double dye dilution method applied by simultaneous needle punctures of the left atrium and ventricle (15) . In this study we have measured the effects of changing the arterial pressure in patients with rheumatic mitral incompetence. The individual results have been related to structural data about the underlying lesion obtained later.
Methods
Fourty-four patients were studied during left heart catheterization for the evaluation of mitral valve disease. All had obvious mitral incompetence that was considered to be of rheumatic origin, although there was a definite history of this in only 15. None had aortic stenosis, significant aortic incompetence, or hypertensive or ischemic heart disease. The mitral incompetence varied from mild to severe, and the amount of associated stenosis from nil to moderately severe. Twenty-six had atrial fibrillation and the remainder sinus rhythm.
In each patient control measurements were made of forward cardiac output, mitral regurgitant flow, heart rate, and pressures in the left heart chambers. The arterial pressure was then changed by giving either a pressor drug or glyceryl trinitrate, and a second set of measurements was made.
In 18 patients, no drug was given between two measurements made 5 minutes apart to assess spontaneous variations.
In 12 patients (group one), norepinephrine bitartrate1 was infused intravenously at a constant rate of 10 to 20 jig of base per minute to raise the arterial pressure while also providing a positive inotropic effect on heart muscle (16) . In 11 patients (group two) the arterial pressure was raised without any associated effect on heart muscle.
In four methoxamine hydrochloride 2 was given at 0. For descriptive purposes, the patients were divided arbitrarily into those with "pure incompetence" and those with "significant associated stenosis" by defining the latter as a stenotic orifice of less than 2.0 cm2, calculated from the hemodynamic data.
Results
No untoward reactions were seen to the drugs used in this study. Their administration and the subsequent measurements prolonged the diagnostic study by some 10 minutes and required reinsertion of the left ventricular needle. There were no immediate complications, but one patient de- veloped pericardial pain and fever for several days after the study, a syndrome we attributed to the presence of blood in the pericardium (15) . No evidence of infection was found, and the condition subsided spontaneously after 10 days. Considerable pericardial adhesions were found in this patient at surgery 3 months later, in contrast to the findings in other patients studied who have subsequently undergone surgery. When the rise in arterial pressure was produced by norepinephrine (group one, Table I), the results differed from those seen with noninotropic pressor drugs (group two, Table I ). The changes in arterial pressure, atrial pressure, and heart rate in each group were similar. In group one there were small average changes in the forward flow, regurgitant fraction, regurgitant flow, and regurgitant orifice, none of which was statistically significant. In group two, however, the forward flow fell by an average of 16%, whereas the regurgitant flow increased by 120% and the regurgitant orifice by 170%, all of these changes being significant.
These differences between groups one and two suggested that the inotropic action of norepinephrine had limited or prevented the increase in regurgitation otherwise caused by the rise in arterial pressure. To verify this, measurements were made in one patient during increases of arterial pressure by norepinephrine, both before and after blocking its inotropic action with pronethalol. The results are illustrated in Figure 3 . They show that for the same increase in mean arterial pressure, the regurgitant orifice increased from 0.5 cm2 to 1.0 cm2 with norepinephrine alone, but to 2.4 cm2 with norepinephrine after pronethalol.
Norepinephrine increased the maximal rate of pressure rise in the left ventricle from an average in group one of 1,060 to 1,470 mm Hg per second (p < 0.001) and thereby shortened the duration of isometric systole from an average of 0.08 to 0.06 second (p < 0.05), despite the rise in arterial pressure. The noninotropic stimuli used in group two did not change the rate of pressure rise (average, 1,080 mm Hg per second), and isometric Apparently, therefore, enhanced ventricular contractility was an important factor influencing the incompetence when arterial pressure was raised by norepinephrine. This factor was absent in the patients studied in group two. Figure 4 (right) illustrates, however, that the changes in severity of incompetence in this group, as represented by the changes in calculated regurgitant orifice, were not uniform. In seven patients, only small changes were seen, averaging + 0.05 cm2 with SD ± 0.10 cm2, whereas in four there were very large increases ranging from + 1.1 to + 2.4 cm2. These differences were not related to the particular noninotropic pressor drug used, nor to the presence of atrial fibrillation in 7 of these 11 patients. The presence of associated mitral stenosis (marked MS in Figure 4 ) was, however, one factor distinguishing these patients. Other factors, not mutually independent, were the magnitude of the initial calculated regurgitant orifice and the structural nature of the lesion found subsequently. These data are given in Table II .
Of seven patients in group two who showed changes less than 0.2 cm2 in the regurgitant orifice, four had significant stenosis of the valve. fAt surgery in three of these, both valve commissures were found to be fused. In the three with pure incompetence, one showed calcification of the valve radiologically, and one at surgery had a rigid calcified valve with fused margins and no annular dilatation. In six of these seven patients the initial regurgitant orifice was less than 0.16 cm2, and in the other it was 0.62 cm2.
In all four patients in group two who showed large changes in the regurgitant orifice, the orifice was large initially (0.20 to 1.5 cm2), and stenosis was absent. Surgical findings are available in three of the four. In one, an extensive tear had been made in the anterior valve leaflet at a previous valvotomy, and this had been followed by progressive left ventricular dilatation. In one there was gross destructive valve disease with annular dilatation, and in one there was annular dilatation alone.
In group one, five patients showed changes less than 0.1 Cm112 in regurgitant orifice. The initial orifice was small in three of the five (0.10 to 0.15 Cm12 ); two of these had significant stenosis, and each at operation had fusion of both valve commissures. The initial orifice was large in two of the five (0.63 and 2.1 cm2) ; one of these showed dense calcification of the valve radiologically, but no surgical data are available in either.
The other seven patients in group one showed changes in regurgitant orifice greater than 0. Mobile leaflets. Hole 6 mm in diameter in anterior leaflet. Marked annular dilatation. X ray shows dense valve calcification. Tough fibrous leaflets. Both commissures fused. Shortened chordae.
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X ray shows moderate valve calcification.
1.2
Calcified valve. Centrally placed orifice.
Incompetence produced by anterior leaflet tear at previous valvotomy. Scarring and retraction of both leaflets. No fusion. Gross annular dilatation. Gross valve calcification. Fusion and contraction of both leaflets. Rigid orifice.
Leaflets normal. Gross annular dilatation. Marked retraction by chordal shortening.
* Same patient; also illustrated in Figure 3 .
techniques (15) , provided that measurements are discarded if ectopic ventricular beats occur. The reproducibility shown here is similar to that found recently by Sinclair-Smith and his colleagues in replicate measurements (23) .
The accuracy of the method cannot be confirmed at present in man, but remarkably precise calculations of the regurgitant orifice were obtained using the method in dogs with chronic experimental lesions (24) . For the present study, valid (25) . There are, therefore, no reasons to expect the two measurements to lack comparability. The general applicability of hydraulic principles to pulsatile flow through small openings in the mitral valve has been established (26, 27) , although the appropriate orifice contraction coefficient has not been determined for mitral incompetence.
At different pressures and flows through the valve, this coefficient may change in some patients but not enough to cause appreciable error in this study (27) . The calculation of regurgitant orifice is used here as an index of the severity of incompetence at one measured pressure gradient between the ventricle and atrium. We emphasize that the figure obtained represents a mean functional orifice during systole. Its relationship to the true anatomic orifice of the valve will vary with the importance of several factors that cannot be assessed here, such as variation of the true orifice during systole, or hydraulic competition between the aortic and mitral orifices (20) . Nevertheless, a large change of the calculated orifice in any patient will indicate a corresponding change in the degree of incompetence of the valve mechanism.
The effect of changes in arterial pressure on mitral incompetence was found to vary considerably among different patients. Two principal factors were identified to account for this, the nature of the mitral valve lesion and the functional state of the myocardium.
The influence of the valve lesion was seen most clearly in groups two and three, where no direct changes in myocardial function were produced. When arterial pressure was changed, ten of these fifteen patients showed little or no change in the regurgitant orifice (+ 0.2 cm2 or less); the incompetence was mild initially in six of the ten and severe in four; surgical data were obtained in seven of the ten, and showed either stenosis with fusion of both commissures (in five) or rigid fibrosed valves (in two); there was no annular dilatation. In contrast the other five of the fifteen patients showed changes greater than 1.0 cm2 in the regurgitant orifice; in all five the incompetence was severe initially; surgical data were obtained in three, and each showed marked annular dilatation, with organic valve disease in two and without in one; there was no stenosis.
There were similar findings in the six patients of group one in whom surgical data were obtained. In two with stenosis and fusion of both commissures, the regurgitant orifice did not change, in one with stenosis but without fusion of the posterior commissure it increased by 0.29 cm2, and in three with organic valve lesions and annular dilatation it increased by 0.5 cm2 or more.
When the regurgitant orifice remained unchanged, these effects of arterial pressure on mitral incompetence in man were similar to those observed in experimental animals with a rigid incompetent orifice (8, 9) . The nature of the valve lesion in those patients further strengthens this similarity, in that rigidity of the diseased valve was a common feature. The patients who showed large changes in the regurgitant orifice have no analogy in previous experimental studies. The presence of annular dilatation was one factor distinguishing them, although it may not have been the only one.
The role of myocardial function in modifying the incompetence was seen by comparing both the average changes in groups one and two and the absolute changes in one patient (Figure 3) . A limiting influence of norepinephrine on the regurgitant orifice was demonstrated only in patients in whom the orifice changed and who therefore probably had annular dilatation. In two patients, one known to have annular dilatation, the orifice actually diminished by 50% despite the increased arterial pressure. The mechanism of this effect was not identified. It Several general conclusions may be made from these findings. The structural nature of the valve lesion in mitral incompetence appears to determine whether the incompetence itself varies under different functional conditions or remains fixed. In the latter case, changes in arterial pressure will cause changes in regurgitant flow predictable from the changes in pressure gradient across the valve, and changes in myocardial function will influence the incompetence relatively little. In the former case, however, the incompetence itself will increase when arterial pressure rises and will depend also upon the function of the myocardium. It would be in this type of patient that incompetence is increased in severity during periods of cardiac decompensation (29) and that progressive left ventricular dilatation and failure are likely to occur. It seems probable that in this way the natural history of patients with mitral incompetence will depend to a considerable extent on the functional behavior of their particular valve lesion.
Apparently the information gained in individual patients is not at present of great practical value in their preoperative evaluation. Our correlation with surgical findings has shown that if the calculated regurgitant orifice changes significantly, the presence of annular dilatation can be predicted with some certainty. Unless there is an element of associated stenosis, however, no information is obtained regarding the presence or absence of organic valve disease. It has not been possible therefore to distinguish patients with a primary myocardial fault and pure annular dilatation from those with an organic valve lesion also, in whom the annular dilatation may have arisen from either a primary or secondary m nvocardial fault. It is possible, however, that the presence of annular (lilatation preoperatively will prove to influence adversely the long-term results of prosthetic mitral valve replacements; in this case its preoperative recognition could become of some importance.
Summary
Measurements of mitral incompetence were made in patients before and after raising or lowering the arterial pressure by vasoactive drugs.
In some patients, the mitral regurgitant flow changed predictably according to the change in pressure gradient across the valve, the calculated regurgitant orifice remaining unchanged. In these patients, the mitral incompetence was usually not severe, there was often some associated mitral stenosis, and the valve orifice at surgery was found to be limited by fibrosis or calcification.
In others there were disproportionate changes in regurgitant flow and large changes in the calculated regurgitant orifice. These patients had severe incompetence, rarely with stenosis, and at surgery had mitral annular dilatation, with or without an organic valve lesion. A positive inotropic stimulus was found in these patients to reduce regurgitant flow and to reduce the calculated regurgitant orifice.
